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Background: The basic goal of this research was to determine and evaluate the prognostic factors related
to the delay of venous ulcer healing in patients treated with multilayer compression bandage.
Methods: The research involved a group of 100 patients of both sexes with venous ulcerations of the
lower extremities. Patients were monitored for 24 weeks from the very beginning of the treatment.
Ulcerations were treated with the use of multiple layer compression bandages.
Results: Of the total number of tested patients, 58 (58%) were females and 42 (42%) were males. The
average age of patients was 62.7 ± 6.53 years, where the male population was older. During the 24-week
monitoring period, 25 patients (25%) did not heal completely. Lipodermosclerosis has a signiﬁcant
positive prognostic signiﬁcance in healing chronic venous ulcers (p < 0.05). The infection proved to be
the most important prognostic factor in the delay of ulcer healing (p < 0.01). The number and surface of
ulcerative changes show a signiﬁcant positive correlation with delay of venous ulcer healing (p < 0.001).
Conclusion: The results of this study show a signiﬁcant positive correlation between the number and
surface of ulcerative changes and the delay of venous ulcer healing. Further trials are necessary to
identify the best treatment options, especially for nonhealing ulcers.
Copyright © 2015, Taiwanese Dermatological Association.
Published by Elsevier Taiwan LLC. All rights reserved.Introduction
Venous ulcer (VU) is a severe clinical manifestation of chronic
venous insufﬁciency. It is responsible for ~70% of chronic ulcers of
the lower limbs, i.e., those that do not heal within 6 weeks.1
The basic goal of this research was to determine and evaluate
the prognostic factors related to the delayed healing in VU in pa-
tients treated with multilayer compression bandage.
Studies have shown that an estimated 5e8% of the world pop-
ulation suffer from venous diseases, and approximately 1% develop
VUs.2,3
Patients with venous ulceration are often successfully treated
with compression dressings, elastic stockings, leg elevation, andy have no ﬁnancial or non-
atter or materials discussed
ical Center Nis, Vardarska 23,
cal Association. Published by Elsevtopical wound care. The most popular and the most widely used
option is compression dressing (bandages), which was introduced
by Unna.4 Several modiﬁcations of this technique have been
introduced, and the most recent research has shown that the
constant pressure application of 20e40 mmHg on the lower ex-
tremities yielded the best results in venous ulceration treatment.5,6
However, in spite of the compression bandage modality, some
venous ulcerations have had unsatisfactory results in regard to this
treatment modality. Within a 24-week therapy, the adequate
therapy response ranged from 30% to 60% VU, whereas 70e85%
were healed during 1 year of VU treatment.7 Based on clinical
experience (in the literature), certain clinical parameters have been
deﬁned, especially those that may indicate the prognosis of venous
ulceration healing.
Materials and methods
This research was based on the prospective study conducted at the
(outpatient) Clinic for Dermatology Nis and Medical Center in
Doljevac from 2007 to 2009. The research involved a group of 100ier Taiwan LLC. All rights reserved.
Table 2 Locoregional ulcerative changes characteristics.
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tremities. The patients were monitored for 24 weeks from the very
beginning of the treatment.
Ulcerations were treated with the use of multiple layer
compression bandage and the use of elastic stockings. Local treat-
ment of ulceration was done with local antiseptics and antibiotics
(according to biogram and antibiogram) three times per week, as
well as hydrocolloid dressings.
Alongside basic anamnestic data and physical checkup, appro-
priate functional diagnostics examinations were also applied. Pa-
tients were monitored for the following: sex, age, body mass index
(BMI) to measure the total obesity level, waist/hip ratio to measure
the obesity level, surface and depth of ulceration, localization and
number of ulcerations, level of present granulation tissue and ﬁbrin
in ulceration, condition of surface, and deep venous system using
color Doppler sonography.
The locoregional characteristics of ulcerations were also moni-
tored. Eczematous changes (venous or stasis dermatitis) with
scaling, redness, pruritus, and occasionally crusting were invariably
presented. Lipodermatosclerosis was a common ﬁnding and pre-
sents a progressive ﬁbrotic process of the dermis and subcutaneous
fat associated with chronic venous insufﬁciency, resulting in hy-
perpigmentation and induration of the lower leg. It should be
emphasized that early or acute lipodermatosclerosis presents with
diffuse indurated erythema that is worm and extremely tender and
may be misdiagnosed as cellulitis or erythema nodosum.8
The ankle brachial pressure index (ABPI) was monitored using a
color Doppler sonography. Patients treated with immunosupre-
sives who had had ulcers together with dermal vasculitis, pyo-
derma gangraenosum, and other neutrophilic dermatosis were
excluded from this study. The data were processed using standard
descriptive statistical methods (mean value, standard deviation,
and percentual presence). In this study, we used several types of
applied tests depending on the group size, type of disease, and type
of distribution (Cox and Snell R2 correlation coefﬁcient). Excel 2002
in Windows XP setting was also used, and the results are shown in
tables and graphs. This study followed the guidelines of the
Declaration of Helsinki on medical protocol and ethics.Locoregional complications of ulcers Female (%) Male (%)
Dermatitis 51.7 57.1
Lipodermosclerosis 25.9 26.2
Infection 60.3 76.2*
Limb edema 50.0 83.3**
>50% of wound covered with ﬁbrin 41.4 42.8
>50% of wound covered with eschar 82.7 85.7
*p < 0.05.
**p < 0.01.Results
A total of 100 patients with chronic venous ulceration were tested.
Their basic characteristics are shown in Table 1. Of this total, 58
(58%) were female and 42 (42%) were male. The average age of
patients was 62.7 ± 6.53 years, where the male population was
older. The average BMI values were signiﬁcantly higher in females,
along with the waist/hip ratio (p < 0.01). During the 24-week
monitoring period, 25 patients (25%; 14 women and 11 men) didTable 1 Basic characteristics of patients.
Female Male Total
Number of patients 58 (58) 42 (42) 100 (100)
Not healed ulcerations 14 11 25 (25%)
Age (y) 62.2 ± 7.10 63.8 ± 5.6* 62.7 ± 6.53
BMI (kg/m2) 29.6 ± 3.3** 27.5 ± 2.6 28.3 ± 3.4
Waist/hip ratio 1.09 ± 0.09** 0.09 ± 0.06 1.03 ± 0.04
Limb ulcers no. 2 ± 1.2 1.0 ± 0.5 1.8 ± 0.31
Right leg 31 17 48 (48)
Wound duration (d) 17.05 ± 7.6 18.6 ± 4.3 17.5 ± 5.6
Area (cm2) 9.7 ± 2.5 9.3 ± 2.6 9.1 ± 1.2
ABPI 1.31 ± 0.24* 0.98 ± 0.14 1.11 ± 0.23
Data are presented as n (%) or mean ± SD.
*p < 0.05.
**p < 0.01.
ABPI ¼ ankle brachial pressure index; BMI ¼ body mass index.not have full healing of chronic venous ulcerations in their lower
extremities.
The characteristics of the prognostic factors in relation to the sex
of the tested patients were analyzed in relation to the locoregional
characteristics of ulcerative changes. The locoregional characteris-
tics of ulcerative changes indicated that there was no signiﬁcant
difference in the average number, their localization, duration, and
average surface. The statistical analysis showed that lower leg
edema was signiﬁcantly higher in males than in females (p < 0.05).
Table 2 shows the locoregional ulcerative changes.
The importance of prognostic factors in the delay of VU healing
in patients treated with multilayer compression bandage was
analyzed using the binary logistical regression model (enter
model). Table 3 shows the predictive importance of sex, age, degree
of obesity, condition of surface, deep venous system, and chronic
diseases in the delay of VU healing.
The predictive value of the model (Cox and Snell R2) was 0.019,
indicating that these factors had no signiﬁcant predictive effect on
delayed healing of VUs (Table 3).
There was no predictive signiﬁcance of age, sex, BMI, and waist/
hip ratio in delayed healing of VU.
Predictive signiﬁcance in the condition of surface and deep
venous system to the success of healing is shown in Table 3. The
value of ABPI showed more signiﬁcant positive predictive value for
healing ulcers (p < 0.1). The negative predictive value showed ABPI
<0.8, which also has a signiﬁcance level of p < 0.1.
Binary logistic regression shows that none of the present state of
comorbidity had any prognostic signiﬁcance in successful healing.
The locoregional characteristics of chronic venous ulceration,
observed through the number of changes, their surface, and local-
ization, were analyzed using themodel of binary logistic regression,
and the results are shown in Figure 1.
Analysis made by Cox and Snell R2 ¼ 0.404 shows a signiﬁcant
positive correlation between the number and larger surface of ul-
cerative changes and delay of VU healing (p < 0.001), whereas theTable 3 Predictive importance of sex, age, degree of obesity, and chronic diseases in
delay of venous ulcer healing.
B SE Wald Sig. Exp(B) 95% CI
Lower Upper
Sex 0.285 0.782 0.132 .716 1.329 0.287 6.160
Age 0.038 0.052 0.536 0.464 0.962 0.869 1.066
BMI 0.038 0.107 0.123 0.726 1.038 0.842 1.281
W/H 1.363 4.684 0.085 0.771 0.256 0.011 24.442
ABPI 2.288 1.767 1.677 0.095 9.858 0.309 314.750
ABPI < 0.08 1.800 1.120 2.582 0.08 0.165 0.018 1.485
DM 0.939 .977 0.923 0.337 0.391 0.058 2.655
DVT 0.159 0.881 0.032 0.857 1.172 0.208 6.588
CRF e.618 1.442 0.184 0.668 0.539 0.032 9.096
ABPI¼ ankle brachial pressure index; B¼ coefﬁcient of regression; BMI¼ bodymass
index; CRF ¼ chronic renal failure; DM ¼ diabetes mellitus; DVT ¼ deep vein
thrombosis; Exp(B) ¼ odds ratio; SE ¼ standard error; Sig. ¼ p value; Wald ¼ index
of regression effect; W/H ¼ waist/hip ratio.
Figure 1 Correlation of the locoregional characteristics of chronic venous ulcerations
with the delay of venous ulcer healing.
V. Karanikolic et al. / Dermatologica Sinica 33 (2015) 206e209208localization of the left or right limb was not of any prognostic sig-
niﬁcance (Figure 1).
Local complications of chronic venous ulcerationdobserved
through dermatitis, lipodermosclerosis, > 50% of wound covered
with ﬁbrin, > 50% of wound covered with eschar, infection, and
limb edemadwere analyzed with the model of binary logistic
regression, and the results are shown in Figure 2.
Binary logistic regression (Enter method) shows that the pres-
ence of lipodermosclerosis has a signiﬁcant positive prognostic
signiﬁcance in healing of chronic VUs (p < 0.05). The infection
proved to be the most important prognostic factor in the delay of
ulcer healing (p < 0.01). The summary of the signiﬁcance of the
model was very high at Cox and Snell R2 ¼ 0.43 (Figure 2).Discussion
Venous ulcerations occur in 1% of the human population. They are
frequently found in persons older than 65 years. The ratio of
occurrence depending on the sex show a signiﬁcant occurrence in
femalesdat a female/male ratio of 3:1.9 This study shows that out
of 100 tested patients, 58 (58%)werewomen and 42 (42%)men. The
average age of patients was 62.7 ± 6.53 years, where the male
population was somewhat older. The average values of BMI as well
as the waist/hip ratio were signiﬁcantly higher in females.
The locoregional characteristics of ulcerative changes indicate
that there is no signiﬁcant difference in terms of the average
number of ulcers, their localization, duration, and average surface.
In this study, patients were classiﬁed into two groups according to
the level of present tissue granulation and ﬁbrin in ulceration:
Group I < 50% and Group II > 50% of ulceration covered by ﬁbrin
and/or granulation tissue. Higher coverage of ulceration with ﬁbrin
is found more often in males than in females, but the difference did
not reach statistical signiﬁcance. Ulceration coverage with a scarFigure 2 Correlation of the local complications of chronic venous ulcerations with the
delay of venous ulcer healing.was found in >50% of patients of both sexes. The locoregional
characteristics of chronic venous ulcerations included identiﬁca-
tion of local complications such as dermatitis, lipodermosclerosis,
and infection. The statistical analysis showed that lower leg edema
was signiﬁcantly higher in males than in females (p < 0.05),
whereas other local complications did not show any signiﬁcant
difference in frequency between sexes.
The objectives of VU management include healing of the ulcer,
prevention of recurrence, and improvement of edema.10 Adequate
compression is regarded as the “gold standard” for VU treatment.
Published healing rates of VUs obtained with compression therapy
vary widely from 40% to 95%. Unfortunately, a signiﬁcant number of
VUs remain refractory to compression treatment. A possible way to
predict nonhealing venous leg ulcers is to examine prognostic risk
factors that are consistently found in a number of published
studies.
What is the expected healing rate of VUs with compression
therapy? Nelzen et al11 performed a 5-year prospective cohort
study to determine the prognosis of patients with chronic VUs.
They found that only 44% of patients with VUs healed without
recurrence. Moffat et al12 performed an uncontrolled study of four-
layer compression bandages in the treatment of VUs. Overall, there
was 69% healing at 12 weeks, but only 42% healing was achieved for
ulcers >10 cm2, and 57% healing was achieved for ulcers of >6
months' duration. Very small ulcers (0.1 cm2) of short duration (1
week) were included in this study and achieved a much higher
healing rate.
Several risk factors have been identiﬁed to be correlated with
the delay of VU healing in patients treated with multilayer
compression bandage (longer ulcer duration, large surface area, >
50% of wound surface covered with ﬁbrin, and ABPI < 0.8)12.13
During the 24-week monitoring period, 25 patients (25%) did
not have full healing of chronic venous ulcerations in their lower
extremities. The importance of prognostic factors in the delay of VU
healing was analyzed using the binary logistical regression model
(enter model). The results showed that age, sex, BMI, and waist/hip
ratio had no predictive signiﬁcance in the delayed healing of VUs.
Some studies14 have shown that younger age is a favorable prog-
nostic factor for ulcer healing; in this study, however, we could not
prove such a relation. The ABPI value had a more signiﬁcant posi-
tive predictive value for healing ulcers (p < 0.1). The negative pre-
dictive value showed ABPI <0.8, which also has a signiﬁcance level
of p < 0.1.
Margolis et al15 showed that a larger surface and a longer
duration of ulceration were bad prognostic parameters for the
healing rate of VUs, accompanied with previously performed op-
erations on a leg venous system, with ABPI >0.8, and the presence
of ﬁbrin on > 50% of the ulceration surface.
Binary logistic regression shows a signiﬁcant positive correla-
tion between the number and larger surface of ulcerative changes
and the delay of VU healing (p < 0.001), whereas the localization of
the left or right limb was not of any prognostic signiﬁcance. Binary
logistic regression shows that the presence of lipodermosclerosis
has a signiﬁcant positive prognostic signiﬁcance in healing of
chronic VUs (p < 0.05). The presence of infection proved to be the
most important prognostic factor in the delay of ulcer healing
(p < 0.01).
Patients who have large wound areas and wounds of long
duration are at risk for nonhealing.16 The results of our study
support these ﬁndings. Large and long-lasting ulcers could be
healed although more time is needed. A decrease in wound size
during the ﬁrst 50 days of treatment is, according to some studies, a
favorable prognostic factor for healing. Approximately 50e70% VUs
decrease in wound size during the 1st month of compression
therapy.
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be accurately informed about their prognosis and may help guide
health service provision. Early identiﬁcation of patients with poor
clinical outcome may allow doctors the opportunity to change
treatment strategies at a stage where ﬁbroblasts are more likely to
respond to mitogenic stimuli. Patients at increased risk for delayed
healing should also be targeted for further research to increase
current understanding and improve clinical outcomes. The results
from this study show signiﬁcant positive correlation between the
number and surface of ulcerative changes and the delay of VU
healing. Lipodermosclerosis and infection show statistically less
signiﬁcant correlation with the delay of VU healing.
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